We aimed to examine the effects of pubertal timing on adolescents' alcohol and tobacco use from late adolescence to young adulthood. In addition, we separately explored associative factors of the use of these substances stratified by pubertal timings. A longitudinal cohort of 7th-and 9th-grade students was recruited in Taiwan. Pubertal timing was classified according to the Pubertal Developmental Scale. Effects of pubertal timing on self-reported drinking and smoking at age 20 were evaluated using generalized estimating equation analysis. Furthermore, we assessed the predictive roles of parental monitoring, parent-child relationships, peer influence, and school adhesion among participants, stratified by pubertal timing using multiple logistic regression analysis. A survey of 2290 participants was analyzed, with 51.2% being female. The smoking rate is 19.2% (adjusted odds ratio [OR] 1.43, 95% confidence interval [CI] 1.03-2.00) and the alcohol drinking rate is 41.6% (adjusted OR 1.34, 95% CI 1.07-1.69) for early maturing adolescents as compared to 12.3% and 41.6% respectively for on-time peers. A satisfactory parent-child relationship is a protective factor and strict parental monitoring is a risk factor for future tobacco and alcohol use in logistic regression analyses. Early maturation confers risk for cigarette smoking and alcohol consumption in young adulthood. Health professionals and parents should be advised of the potential associative factors with future substance use among adolescents with different maturation tempo. Emphasis could be placed on promoting positive parenting strategies and intra-familial interactions. ß 2014 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/3.0/).
psychosocial transformations (Ge, Conger, & Elder, 2001; Mendle, Turkheimer, & Emery, 2007) . Also, worthy of note is that individual biological predispositions and hormonal profiles may interact with social and environmental factors, leading to different behavioral outcomes (de Water, Braams, Crone, & Peper, 2013) . Because adolescence is an essential developmental phase within a life course perspective, it is important to investigate the temporal effect of pubertal progression on developmental trajectories. Despite substantial evidence on the association between early pubertal timing and initiating and accelerating substance use, particularly in early and middle adolescence, the longitudinal impact of pubertal timing remains controversial when addressed at an older age (Downing & Bellis, 2009; Ge et al., 2006; Lanza & Collins, 2002; Modecki, Barber, & Eccles, 2014) . In a cross-sectional study of 16-to 20-year-old Swiss adolescents, those with early pubertal timing reported engaging in some health-compromising behaviors, including drunkenness and smoking, at a significantly higher rate (Michaud, Suris, & Deppen, 2006) . This stands in contrast to another study reporting no association between age at menarche and substance use among 14-15 year-old Canadian adolescent girls, after adjusting for the effects of school performance and family relationships (Al-Sahab, Ardern, Hamadeh, & Tammim, 2012) . Some longitudinal studies have followed their participants across early and/or middle adolescence, and further explored the developmental pathway linking pubertal timing and substance use. For example, Westling, Andrews, Hampson, and Peterson (2008) found that affiliation with deviant peers and parental monitoring would mediate or moderate the impact of pubertal timing. Moreover, sensation seeking and impulsivity, inherent to adolescence, were shown to partially explain the relationship between pubertal timing and substance use, and these factors were also shown to become more salient predictors of smoking and drinking in late adolescence (Castellanos-Ryan, Parent, Vitaro, Tremblay, & Sé guin, 2013; Kong et al., 2013) . Therefore, it is unclear whether early maturing adolescents could outgrow these adverse impacts as their emotional and cognitive development matures in young adulthood; so we suggested further research to examine the issue across the whole transition time.
The impact of pubertal timing on adolescent health behaviors is likely to differ according to social contexts. Current knowledge of the link between pubertal timing and health behaviors is derived mainly from research conducted in the US and Europe. Very little is known about pubertal course and health-compromising behaviors among East Asian adolescents. In many East Asian countries, where social collectivism and interdependency prevails, adolescents are usually influenced by institutional norms that prohibit deviant behaviors such as drinking and smoking until late adolescence. Epidemiological studies demonstrate a lower prevalence of adolescent alcohol use and cigarette smoking in Taiwan than that found in Western countries, and health-compromising behaviors usually occur from late adolescence to young adulthood (Chen et al., 2008; Wu, Chang, Yen, & Lee, 2007) . Despite the enactment of laws regarding child and adolescent protection and welfare, rates of drinking and smoking have been steadily increasing in the past decade (Chang et al., 2011; Chuang & Huang, 2012; Wang et al., 2013) . These behaviors are perceived preferentially as socialization norms that eventually confer the status of adulthood. As a secular trend toward the early onset of pubertal timing is a common observation in many countries, the gap between physical maturity and the full social status of adulthood is constantly lengthening (Gluckman & Hanson, 2006) . The role of pubertal timing is scarcely mentioned in the analysis of factors associated with adolescent substance use in Taiwan. Knowing the relevant predicting factors is imperative for identifying the vulnerable youth and differentially tailoring any preventive interventions to the social context.
Using longitudinal data from the Taiwan Youth Project (TYP), we investigated the relationship between pubertal timing and adolescent alcohol/tobacco use through late adolescence into young adulthood. We also examined the interaction between pubertal timing and other contextual factors (viz., peer influence, self-esteem, parental monitoring, parent-child relationship, and school adhesion). We hypothesized that early maturation confers risks for alcohol/tobacco use in the young adulthood. In addition, pubertal timing may moderate the predictive effects of personal factors associated with substance use.
Methods

Study population
Data were from a longitudinal panel study by the TYP, which was launched in 2000 and conducted by the Institute of Sociology, Academia Sinica, Taiwan (Yi, Wu, Chang, & Chang, 2009) . Two cohorts of 7th-and 9th-grade students were originally recruited in northern Taiwan (Taipei City, Taipei County, and Yilan County) in 2000, and the same cohorts were surveyed in the following eight years up to 2007. The sampling method was a multistage-stratified and class-clustered selection procedure, stratified by school and class. In total, 81 classes in each grade distributed across 40 schools were chosen. This study used questionnaire-based self-reported assessments taken at the 9th grade as its baseline and annually followed. The final wave of survey was taken at age 20 years and comprised a total of 2290 youths, with 1118 (48.8%) males valid for analysis. The Institutional Review Board of the National Cheng Kung University Hospital approved this study.
Measures
Alcohol and tobacco uses were assessed at the 10th and 11th grades, and at 20 years of age using the self-reported items: ''Have you drunk [alcohol] within a month?'' and, ''Have you smoked [cigarettes] within a week?'' Responses were dichotomized into ''Yes'' and ''No''.
Self-esteem was measured using 6 items of the Rosenberg Self-Esteem Scale with a 4-point Likert scale, ranging from 1 (strongly disagree) to 4 (strongly agree). The self-esteem scores at the 9th (Cronbach's a = .74) and the 12th (Cronbach's a = .78) grades were calculated, and a higher score on this scale represented more self-esteem (Jou, 2009 ).
Peer alcohol/tobacco influence was defined at the 12th grade by one question: How many of your friends drink [alcohol] and/or smoke [cigarettes]? A 4-point Likert scale was applied to rate the answer from 1 (very few) to 4 (very many).
The rating on parent-child relationships was measured at the 9th grade using two questions: ''Are you satisfied with your relationship with your father?'', and ''Are you satisfied with your relationship with your mother?'' The answers ranged from 1 (very satisfied) to 4 (very unsatisfied). The summated scores of the two items were reversely recoded to make the higher score represent a more satisfactory parent-child relationship (Cronbach's a = .77).
Parental monitoring was assessed at the 9th and 12th grades using four items that asked whether the participants' parents monitor or restrict the following behaviors: making friends, making phone calls, watching television, and hanging out outside. We totaled originally dichotomized scores to make a higher score represent more parental control. In this study, the values of Kuder-Richardson Formula 20 were .69 at the 9th grade and .73 at the 12th grade.
School adhesion was measured at the 9th and 12th grades using two items: ''Are you proud of your school?'', and ''Do you like your school?'' A 4-point Likert scale ranging from 1 (strongly agree) to 4 (strongly disagree) was used. The scores were summated and reversely recoded to make a higher score represent stronger school adhesion. In this construct, the values of Cronbach's a for the school adhesion scale were .84 (9th grade) and .66 (12th grade).
We defined pubertal timing using five items (height spurt, body hair development, skin changes, breast growth/ deepening of voice, and menarche/facial hair development) from the Pubertal Developmental Scale (PDS). The summated PDS scores were standardized within same-gender and same-age cohorts (in years). We further classified the participants into three pubertal timing groups: early-puberty (more than 1 standard deviation [SD] above), on-time puberty (within 1 SD either way), and late-puberty (more than 1 SD below) (Negriff, Hillman, & Dorn, 2011) .
Statistical analysis
All analyses were conducted using SPSS 15.0 (SPSS Inc., Chicago, IL). The baseline socio-demographic data were compared between different pubertal timing groups using the x 2 test for categorical variables and one-way analysis of variance for continuous variables. As the uses of both alcohol and tobacco were repeatedly measured using dichotomous responses, we examined the temporal effect of pubertal timing on smoking and drinking with generalized estimating equation (GEE) analysis. In our GEE model, we calculated risks for drinking and smoking among early and late pubertal timing groups as referred to the on-time puberty group, after controlling age, gender, living area, parental education, and monthly family income. The interactions between gender and puberty were also tested in the GEE models. Furthermore, multivariate logistic regression models were applied to identify predictive factors of smoking and drinking at age 20 years in different groups stratified by pubertal timing, thereby elucidating its moderating effect on these factors associated with tobacco and alcohol use in young adulthood. Odds ratios (ORs) and 95% confidence intervals (95% CI) were computed in both GEE and logistic models.
Results
Demographic characteristics
Of the 2290 participants, 375 (16.4%) were assigned to the early-puberty group, 1561 (68.2%) to the on-time puberty group, and 354 (15.4%) to the late-puberty group based on their standardized PDS scores (Table 1) . No significant differences were found between the three groups in terms of gender, parents' educational level, and monthly family income; however, adolescents in the group of early pubertal timing were elder and more likely to live in Taipei City, which is the highest urbanized city in Taiwan, than their peers.
Effects of pubertal timing on alcohol/tobacco use
There was no significant difference in the alcohol use of different pubertal timing groups (36.1% for on-time puberty, 32.5% for late puberty, and 41.6% for early puberty; x 2 = 2.22; p = .33). On the other hand, early maturing adolescents have a higher rate of smoking (19.2%) than those of their on-time (12.3%) and late maturing (8.7%) counterparts at age 20 years (x 2 = 12.43; p = .002). However, further controlling for socio-demographic and personal factors, early pubertal timing remained as a salient risk factor for drinking (adjusted OR = 1.34, 95% CI = 1.07-1.69) and smoking (adjusted OR = 1.43, 95% CI = 1.03-2.00) in young adulthood. While interactions between gender and puberty were all not statistically significant (ps = .15-.60) ( Table 2 ).
Risk factors of alcohol/tobacco use among different pubertal timing groups
For the on-time puberty group, having peers using substances in adolescence is a significant predictive factor of future alcohol use (adjusted OR = 1.70, 95% CI = 1.25-2.31), while higher self-esteem at the 12th grade and better parent-child relationships were marginally protective factors for late and early maturing adolescents, respectively (Table 3) . Previous exposure to substances was predictive of alcohol use in young adulthood across all the different pubertal timing groups; a similar pattern was also found in tobacco use. Influence from peers using substances was a salient predictor of tobacco use for on-time (adjusted OR = 1.66, 95% CI = 1.06-2.59) and early maturing (adjusted OR = 4.89, 95% CI = 1.97-12.14), but not for late maturing adolescents (Table 4 ). Higher self-esteem at the 9th grade could protect on-time maturing adolescents from smoking (adjusted OR = 0.92, 95% CI = 0.86-0.98), while higher levels of parental monitoring could aggravate early maturing adolescents' tobacco use (adjusted OR = 1.41, 95% CI = 1.07-1.88).
Discussion
Our results show that early maturation confers a risk for cigarette smoking and alcohol drinking in young adulthood, which indirectly supports the developmental readiness hypothesis. In addition, pubertal timing moderated the relationship between contextual and personal factors and alcohol/tobacco use in young adulthood. In particular, parental monitoring and parent-child relationships were differentially associated with drinking and smoking in the early maturing groups.
Despite a lower prevalence of current alcohol drinking and cigarette smoking, our results clearly demonstrated a strikingly higher rate of smoking among early maturing adolescents than their counterparts in young adulthood. This is not only consistent with previous research showing a link between early maturation and smoking (Downing & Bellis, 2009; Ge et al., 2006; Michaud et al., 2006) , but also extended its findings into a later stage of life and in East Asian society. The notion that adolescents initiating tobacco use earlier in their lives tend to subsequently become regular smokers beyond adolescence seems similar in the East and the West (Chang et al., 2011; Reidpath, Davey, Kadirvelu, Soyiri, & Allotey, 2011) . We also found that early maturation was associated with alcohol drinking in young adulthood, and our results may corresponding to that pubertal timing is related to heavier use of alcohol or binge drinking behavior (Modecki et al., 2014) . a Presented in mean (SD), and age of late puberty group was significantly lower than ages of on-time and early puberty groups adjusted using Bonferroni method; age of on-time puberty group was significantly lower than ages of early puberty group adjusted using Bonferroni method. b With missing values. These findings may provide public health relevance for the development of education guidance targeted at the prevention of tobacco and alcohol use. The most interesting and surprising finding in this study was that parental monitoring had a deleterious effect on alcohol and tobacco use for adolescents with early maturation. Parental monitoring has been previously identified as a salient protective factor against adolescent delinquency and substance use (Hoeve et al., 2009; Reidpath et al., 2011; Tornay et al., 2013) . It has been argued that setting rules and knowing about adolescents' friends and whereabouts could reduce their affiliation with deviant peers and hence decrease problem behaviors (Ledoux, Miller, Choquet, & Plant, 2002; Westling et al., 2008) . However, adolescents may respond differently to parenting styles and their perception of parenting efforts has been shown to moderate the overall effects on health behaviors (Jackson, 2002; Tan & Tong, 2010) . One possible explanation is linked to adolescents' free disclosure and interpretation of parental monitoring. Typically, the measures of parental monitoring have assessed the amount of knowledge parents have about their adolescents' whereabouts and activities, rather than active parenting behaviors (Tan & Tong, 2010; Tornay et al., 2013 Adjusted OR, adjusted odds ratio; 95% CI, 95% confidence interval. a Age of baseline (9th grade) was used. Adjusted OR, adjusted odds ratio; 95% CI, 95% confidence interval. a Age of baseline (9th grade) was used.
adolescents about their whereabouts and activities, they may not receive truthful answers, especially for those parents who have negative relationships with their children or those who employ intrusive and punitive parenting styles for maintaining discipline. For example, when parents use higher levels of harsh control or overprotection, adolescents are more likely to interpret parental monitoring as negative and intrusive controlling behaviors rather than an expression of caring from their parents. In return, they may not be willing to disclose information to their parents. Thus, there may be a large discrepancy between what they tell their parents and what the truth is. In other words, adolescents' free disclosure of information is more strongly associated with parental knowledge that has been linked to both positive and negative outcomes for adolescents (Eaton, Krueger, Johnson, McGue, & Iacono, 2009 ).
Early maturing adolescents, who may experience marked physical and psychosocial disturbances, are more likely to challenge the legitimacy of their parents' control efforts and may attempt to reduce their authority through misbehavior and intimidation (Kerr & Stattin, 2000) . Previous work has also suggested that certain approaches to monitoring and interacting, especially with older adolescents, may lead to some degree of experimentation with risk behaviors (Borawski, Ievers-Landis, Lovegreen, & Trapl, 2003) . For example, when parents use monitoring along with intrusive parenting (i.e., psychological control and strictness), the meaning of monitoring for adolescents becomes a burden and a source of conflicts between parents and adolescents. Thus, parental monitoring, in turn, may become a risk factor, rather than a protective factor, to adolescents' health problem behaviors, such as substance use. In other words, how adolescents view and interpret the behaviors of parental monitoring may influence their substance use-related cognitions, and in turn predict intention to start and actual onset of substance use, as suggested by the theory of planned behavior (Harakeh, Scholte, Vermulst, de Vries, & Engels, 2004) .
Furthermore, when other dimensions of parenting are included in the model, the role of parental monitoring on adolescents' behavior is not as powerful as when examined alone (Borawski et al., 2003) . For example, in the bivariate level, higher parental monitoring was associated with lower tobacco use among adolescents. However, in the multivariate level, controlling for other parental variables and demographic covariates, parental monitoring was no longer linked to adolescents' tobacco use. In other words, besides parental monitoring, other confounding factors should be considered in the association. For example, adolescents who perceived higher parental psychological control had a significantly higher tendency to select friends who smoked (Mercken, Sleddens, de Vries, & Steglich, 2013) . In addition, low adolescent-perceived parental trust served as a risk factor toward tobacco use in females, and alcohol use in males (Borawski et al., 2003) . Moreover, parents' characteristics, such as parental smoking behavior, had a direct effect on adolescents' tobacco use (Harakeh et al., 2004) . Thus, although in previous research parental monitoring was found to be a protective factor against early maturing adolescents' tobacco use (Westling et al., 2008) , other confounding factors may play important roles within the association that intervene on the effect.
Our results also support previous observations that a satisfactory parent-child relationship is protective against substance use among high-risk adolescents (Gossrau-Breen, Kuntsche, & Gmel, 2010; Ledoux et al., 2002) . Subjective perception of the parent-child relationship could be a proxy of overall familial climate. Dissatisfaction with one's relationship with parents may indicate maladaptation to developmental challenges brought by pubertal changes. Dysfunctional or strained family circumstances caused by parental disengagement from or over-involvement with adolescents' lives may in turn affect adolescents' health status and behaviors (Gossrau-Breen et al., 2010; Tsai, Lin, Chou, & Lin, 2014) . Moreover, previous studies (Lin, Chou, Wu, & Lin, 2014; Lin, Lin, Hsieh, & Chang, 2014) found negative effects of family argument on psychological well-being for early adolescence, and even may be an enhanced factor in child suicidal ideation. Therefore, to foster a healthier developmental life trajectory for adolescents, parents should be advised about giving due respect to adolescents' privacy and autonomy and also about using a more positive parenting strategy based on adolescents' spontaneous disclosure and sharing experiences, rather than imperative supervision or aggressive tracking (Kerr & Stattin, 2000; Tan & Tong, 2010) . Accordingly, we suggest that healthcare professionals pay particular attention to and facilitate the interaction between adolescents and their parents to avoid adverse health outcomes.
This study has several strengths and limitations. First, using a dataset with longitudinal design allowed us to explore the effect of pubertal maturation on smoking/drinking in the longer term. Because of the methodological properties of secondary longitudinal data, some measures in this study were not repeatedly validated with psychometric evaluations across time. To compensate for this issue, we examined the internal consistencies of our constructs to validate the use of these measures. Second, items on the questionnaire were self-reported and thereby subject to biases due to misperception or social desirability. For example, participants may have underreported their alcohol and tobacco use because of laws and/or social norms in Taiwan (i.e., prohibition against drinking and smoking under the age of 18 years). Guaranteed anonymity of questionnaire responses may attenuate this impact, particularly in a collectivistic and conservative society. Another limitation may be the lack of a more informative measurement of alcohol and tobacco use. Without any information on use frequency and quantity, we were unable to delineate the severity of substance use due to the effect of pubertal timing. Finally, our sample is of a large size with an organized framework of selection; however, the participants were recruited primarily in northern Taiwan. The generalizability of our results may, therefore, be restricted, especially for those who live on remote islands or in aboriginal areas.
Conclusion
In conclusion, with the strength of using a large and longitudinal sample, our results suggest that early maturation is a risk factor not only for cigarette smoking but also for alcohol drinking in young adulthood. While strict parenting practice during high-school years is likely to be associated with future smoking and drinking among emerging young Taiwanese adults who had previously matured early, a positive parent-child relationship seems a latent protective factor against the use of these substances. Recognizing these associative factors may help identify those adolescents at risk of substance use and also help to target preventive interventions suitable for local social contexts. It is, therefore, important for both parents and healthcare professionals to evaluate the appropriateness of parenting skills and the character of parent-child interactions when addressing the issue of the prevention of substance use for high-risk youths due to early pubertal timing. Further research attention should be paid to investigating the effectiveness of educational guidance adapted to health needs at a critical developmental stage of life to decrease the prevalence of alcohol and tobacco use among this particular group of vulnerable people.
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